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Abstract
A new four-dimensional N = 1 superfield model is suggested. The model
is induced by supertrace anomaly of matter superfields in curved superspace
and leads to effective theory of supergravity chiral compensator. A renormal-
ization structure of this model is studied, one-loop counterterms are calculated
and renormalization group equations are investigated. It is shown that the
theory under consideration is infrared free.
1 Introduction
It is known that N = 1, D = 4 supergravity can be formulated as a dynamical
theory of curved N = 1 superspace in terms of vector superfield Hm(z) and compen-
sators: chiral Φ(z) and antichiral Φ¯(z) [1-3] (see also [4-7]). Here zM = (xm, θµ, θ¯µ˙)
are the superspace coordinates. The different aspects of superfield supergravity were
discussed by many authors but quantum aspects have not been investigated so far in
details. The general approach suggested in refs. [8,9] was not further developed and
applied to concrete problems apparently because of rather complicated structure of
superfield supergravity itself and some unclear questions of quantization.
In this paper we consider a simplified model of N = 1, D = 4 superfield super-
gravity, where the only dynamical fields are the compensators Φ(z) and Φ¯(z) in flat
superspace. We show that this model allows to carry out a detailed investigation of
quantum aspects, possesses remarkable properties in infrared domain and provides
a possibility to study the questions of infrared behaviour in superfield supergravity.
The model under discussion is based on an idea of induced gravity. This idea
was developed in context of string theory [10], was investigated by many authors
(see f.e. [11-17]) and has led to theory of two-dimensional dilaton gravity.
Four-dimensional model of quantum gravity induced by conformal anomaly of
matter fields has been developed in [18]. This theory is based on action generating
conformal anomaly [19,20] and describing dynamics of conformal factor of metric.
It was proved [18] that such a model is super-renormalizable in infrared limit, pos-
sesses infrared stable fixed point and provides a physically acceptable mechanism
for computation of cosmological constant. A further development of the model was
carried out in [21-33], where a number of questions connected with influence of tor-
sion field, phase transitions on curvature, possible modification of Newton law of
gravity, higher dimensions generalization, construction of general four-dimensional
dilaton gravity model have been investigated.
In order to formulate an analogous approach in superfield supergravity we should
answer at least two questions: what is a structure of supertrace anomaly in N=1
curved superspace and what is the form of superfield action generating this anomaly?
Both answers are known at present. General answer for the first question is given
by refs. [34,35], answer for the second one is given by ref. [36]. If we add the
action of supergravity with cosmologocal term to the action, generating anomaly,
and put vector superfield Hm to be equal to its value in flat superspace, we will
obtain an effective model of superfield supergravity where dynamical variables can
be only the compensators Φ, Φ¯. As a result we get a new model of interacting
chiral superfields in flat superspace. We want to stress specially that this model is
completely formulated in superfield terms although it is essentially different from
standard Wess- Zumino model due to presence of higher derivatives. 1.
The paper is organized as follows. In section 2, a formulation of the model is
given, a structure of supertrace anomaly generating superfield action is discussed and
the propagators an vertices are written down. Section 3 is devoted to classification
of divergences and possible counterterms. In section 4, an explicit calculation of
1We do not discuss here the question of unitarity of S-matrix, caused by higher derivatives. The
model under consideration should be understood as an effective theory. Both model introduced in
ref. [18] and our model are only aimed for investigation of low-energy behaviour.
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one-loop counterterms is carried out. Section 5 is devoted to renormalization group
analysis of effective couplings. In Appendix a component form of the lagrangian of
model under consideration is given.
2 Formulation of model
We start with brief review of superconformal anomaly and action generating
this anomaly. The basic objects in terms of which superconformal anomalies are
formulated are the superfields Vαα˙ and V , called a supercurrent and supertrace
respectively [37,38] (see also [7]) and satisfying the conservation law
D¯α˙Vαα˙ =
1
6
DαV (1)
D¯α˙V = 0
Let us consider a class of superconformally invariant theories [39,40,7]. In this
case the classical supertrace V is equal to zero. However in quantum theory the
superconformal anomaly can arise and as a result we get the anomaly supertrace VA
in the form
VA = −(4π)−2(aW 2 + bG+ c(D¯2 − 8R)D2R) (2)
where a, b, c are the numbers depending on the field content of the model, W 2 =
W αβγWαβγ , R, Ga, Wαβγ are superfield strengths expressed in terms of supergravity
prepotentials Hm,Φ, Φ¯; G = W 2 − 1
4
(D¯2 − 8R)(GaGa + 2RR¯)- is the superspace
density of the Gauss- Bonnet superinvariant, DA = (Da, Dα, D¯α˙) are supercovariant
derivatives (we use the denotions accepted in ref. [7]).
The action generating anomaly (2) has been found in ref.[36]. Being transformed
to conformally flat superspace this action takes the following form
ΓA =
1
16π2
∫
d8z(8c∂aσ¯∂
aσ + (3)
+
1
32
(32c− b)D¯α˙σ¯Dασ(∂αα˙(σ + σ¯)− 1
2
D¯α˙σ¯Dασ))
Here we have used the ”flat” supercovariant derivatives Dα, D¯α˙, ∂αα˙; and σ = lnΦ,
σ¯ = ln Φ¯.
Let us also consider the action of N=1 superfield supergravity, in conformally
flat superspace we obtain
SSG = −m
2
2
∫
d8zΦΦ¯ + [Λ
∫
d6zΦ3 + h.c.] (4)
where m2 = 6
κ2
, Λ is the cosmological constant and κ is the gravitational constant.
We will investigate the theory action of which is a sum of the actions (3) and (4)
Denoting
Q2
2
= 8c
ξ1 =
1
32(4π)2
(32c− b) (5)
2
ξ2 = − 1
64(4π)2
(32c− b)
we get a superfield theory in flat superspace with the action of the form
S =
∫
d8z(− Q
2
2(4π)2
σ¯✷σ + D¯α˙σ¯Dασ ×
× (ξ1∂αα˙(σ + σ¯) + ξ2D¯α˙σ¯Dασ)−
m2
2
eσ+σ¯) + (Λ
∫
d6ze3σ + h.c.) (6)
The Q2, ξ1, ξ2, m
2,Λ will be considered as the arbitrary and independent parameters
of the model. We will call the model with action (6) the theory of supergravity chiral
compensator. Namely this theory is a basic object of investigation in this paper.
In order to calculate the counterterms and to find the divergences we should study
a structure of supergraphs of the theory.The strucure of supergraphs is defined by a
form of propagators and vertices. In its turn propagators and vertices can be found
by standard way on the base of action (6) (see this procedure for example in ref.[7]).
The theory under consideration is characterized by a matrix propagator
G(z, z′) =
(
G++(z, z
′) G+−(z, z
′)
G−+(z, z
′) G−−(z, z
′)
)
(7)
satisfying the equation

 9Λ ( Q
2
(4π)2
✷+m2) D¯
2
4
( Q
2
(4π)2
✷+m2)D
2
4
9Λ¯

( G++ G+−
G−+ G−−
)
=
(
δ+ 0
0 δ−
)
(8)
where δ+ = −14D¯2δ8(z1 − z2), δ− = −14D2δ8(z1 − z2). The solution of this equation
is written in the form
G =
1
81ΛΛ¯− ✷( Q2
16π2
✷+m2)
2
[
9Λ¯ −( Q2
16π2
✷+m2) D¯
2
4
−( Q2
16π2
✷+m2)D
2
4
9Λ
]
(9)
This propagator acts on columns (
φ
φ¯
)
where φ is a chiral superfield and φ¯ is an antichiral superfield.
The propagator in momentum representation looks like follows
G++(k) = G¯1(k)
−D¯2
4
δ12
G+−(k) = G2(k)
D¯2D2
16
δ12 (10)
G−+(k) = G2(k)
D2D¯2
16
δ12
G−−(k) = G1(k)
−D2
4
δ12
3
where
δ12 = δ
4(θ1 − θ2)
G1(k) =
9Λ
k2( Q
2
16π2
k2 −m2)2 + 81ΛΛ¯
(11)
G¯1(k) =
9Λ¯
k2( Q
2
16π2
k2 −m2)2 + 81ΛΛ¯
G2(k) =
− Q2
16π2
k2 +m2
k2( Q
2
16π2
k2 −m2)2 + 81ΛΛ¯
A structure of vertices is given by the form of action (6). It means that we have
the vertices of four types
V1 = ξ1D¯
α˙σ¯Dασ∂αα˙(σ + σ¯)
V2 = ξ2D¯α˙σ¯D¯
α˙σ¯DασDασ
V3 = −m
2
2
(eσ+σ¯ − 1− (σ + σ¯)− 1
2
(σ + σ¯)2) (12)
V4 = Λ(−D
2
4✷
)(e3σ − 1− 3σ − 9
2
σ2) + Λ¯(−D¯
2
4✷
)(e3σ¯ − 1− 3σ¯ − 9
2
σ¯2)
The factors (−D2
4✷
) and (−D2
4✷
) arisen in V4 since the all vertices correspond to the
action written as the integrals over whole superspace.
The eqs. (10-12) are the basis of supergraph technique allowing to develop a
perturbative consideration for the model (6).
3 Structure of divergences
A structure of divergences and hence a renormalization structure are defined in
terms of superficial degree of divergences. We consider in this section a calculation
of superficial degree of divergences for the theory(6). The corresponding details of
supergraph technique are given for example in the book [7].
A value of superficial degree of divergences is stipulated by the D-factors and
momentum dependence of the propagator (10), by the derivatives in vertices (12)
and by integration over momenta in supergraphs. Let us consider a calculation
of contributions to superficial degree of divergences from vertices, propagators and
integrations.
Each vertex of type of V1 or V2 contains factors DD¯∂ or DD¯DD¯. The canonical
dimension of D and D¯ is 1/2, the canonical dimension of ∂αα˙ is 1. Hence the total
contribution from these vertices is equal to 2V1,2, where V1,2 is number of vertices of
the type V1,2 respectively.
Each loop corresponds to integration over 4-momentum. Hence the total contri-
bution from all loops is equal to 4L, where L is a number of loops.
Each propagator G−− or G++ contains 2 D-factors (10) and the factor G1(k),
G¯1(k) (11). The two D-factors give the contribution 1 and the G1(k), G¯1(k)-factors
give the contribution -6. Hence the full contribution from all propagators G−−, G++
will be −5L1 where L1 is a number G−−-lines and G++-lines in the supergraph.
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Each propagator G+− or G−+ contains 4 D-factors (10) and one factor G2(k)
(11). The four D-factors give the contribution 2 and the G2(k)-factor gives the
contribution -4.Therefore the total contribution from all propagators G+−, G−+ is
equal to −2L2, where L2 is a number of G+−-lines and G−+lines in the supergraph.
It is known that each loop gives a contribution which is local in θ- space. This
result is based on the identity
δ12D
2
1D¯
2
1δ12 = 16δ12
It means that four D-factor in each loop always can be used to create above iden-
tity and should not be taken into account. Their total contribution 2L must be
considered as superfluous.
Each vertex of type V4 contains two D-factors giving the contribution 1 and ✷
−1
giving the contribution -2. Hence the total contribution from above vertices will
be -V4 where V4 is a number of vertices of this type. And, at last, the vertices of
V3-type do not contribute to superficial degree of divergences.
As a result, the total contribution to superficial degree of divergence ω looks like
follows
ω = 2V1,2 − 2L2 − 5L1 + 2L− V4 (13)
Certainly we should say that the eq. (13) is not an exact expression for superficial
degree of divergence but rather only an upper limit for it. The matter is that in
definite cases some of the derivatives can be transfered to external lines of diagram
and hence they give no contribution to superficial degree of divergences. Therefore
it will be more suitable to write the sign ≤ in eq.(13).
The expression (13) must be simplified using two useful identities. The first one
is the total number of vertices V written in the form
V = V1,2 + V3 + V4
and the second one is well known topological identity
L+ V − P = 1
where P is a number of all propagators or a number of all internal lines. Two above
identities allow to rewrite the expression for ω as follows
ω = 2− 3L1 − 2V3 − 3V4 (14)
This is a final result for ω.
As usual, the diagram will be divergent at ω ≥ 0. Let us discuss this condition.
It is evident, ω ≥ 0 leads to L1 = 0, V4 = 0, V3 = 0, 1. Thus, the divergent diagrams
cannot contain the V4-type vertices and G++-, G−−-type lines. They can include no
more that one vertex of V3-type. We see a number of divergent structures is more
restricted in compare with non-supersymmetric case [18]. In particular we have
some sort of non-renormalization theorem: the vertex of V4-type is always finite.
The condition (14) shows that a divergent diagram can include an arbitrary
number of G+−-, G−+-lines and arbitrary number of V1,2- type vertices. But if, for
example, ξ1 = ξ2 = 0 then the vertices of V1,2-type are absent at all. The only
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vertices which can present in divergent diagrams are now the V3-type ones. But
their number is exactly equal to 1 and corresponds only to one-loop diagrams. Thus
at ξ1 = ξ2 = 0 the theory becomes to be super-renormalizable. We will show that in
infrared limit the effective couplings ξ1(t) and ξ2(t) tend to zero and namely above
case is realized.
4 One-loop divergences
We will investigate the one-loop divergences in the theory under consideration
in framework of dimensional regularization.
The action of the theory written formally (in sense of dimensional reduction) in
d dimensions has the form:
S = µ−ǫ(
∫
ddxd4θ(− Q
2
2(4π)2
σ¯✷σ + D¯α˙σ¯Dασ ×
× (ξ1∂αα˙(σ + σ¯) + ξ2D¯α˙σ¯Dασ)−
m2
2
eσ+σ¯) + (Λ
∫
ddxd2θe3σ + h.c.)) (15)
Let us begin with one-loop supergraph providing a calculation of counterterms
leading to renormalization of the parameters ξ1, ξ2. The corresponding supergraphs
are given by the Fig.1 and Fig.2.
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D¯β˙
Dα
D¯α˙
Dβ
D¯β˙
G+−
G−+
Fig.2
The supergraphs associated with Fig.1 and Fig.2 lead to the following contributions
respectively
S1
(1) = 72µ−ǫξ1ξ2
∫
d4θ1d
4θ2
ddp1d
dp2
(2π)2d
×
× D¯α˙σ¯(−p1, θ1)Dασ(−p2, θ1)∂ββ˙(σ(p, θ2) + σ¯(p, θ2))×
×
∫
ddk
(2π)d
DαD¯
β˙G+−(k)D¯α˙D
βG−+(k + p) (16)
S2
(1) = 72µ−ǫξ22
∫
d4θ1d
4θ2
ddp1d
dp2d
dp3
(2π)3d
×
6
× D¯α˙σ¯(−p1, θ1)Dασ(−p2, θ1)D¯β˙σ¯(p3, θ2)Dβσ(p− p3, θ2)×
×
∫
ddk
(2π)d
DαD¯
β˙G+−(k)D¯α˙D
βG−+(k + p)
Here S1
(1) and S2
(1) are one-loop divergent corrections to vertices V1 and V2 corre-
spondingly, p1, p2 and p3 are external momenta, p = p1+p2. µ is a standard arbitrary
parameter of mass dimension introduced in dimensional regularization and ǫ = 4−d.
Using the explicit form of propagators (10,11) one can write
S1
(1) = 72µ−ǫξ1ξ2
∫
d4θ1d
4θ2
ddp1d
dp2
(2π)2d
×
× D¯α˙σ¯(−p1, θ1)Dασ(−p2, θ1)∂ββ˙(σ(p, θ2) + σ¯(p, θ2))×
×
∫
ddk
(2π)d
D¯1α˙D
β
2 D¯
2
2D
2
1
16
δ12 × (17)
× D1αD¯
β˙
2 D¯
2
1D
2
2
16
δ12G2(k)G2(k + p)
S2
(1) = 72µ−ǫξ22
∫
d4θ1d
4θ2
ddp1d
dp2d
dp3
(2π)3d
×
× D¯α˙σ¯(−p1, θ1)Dασ(−p2, θ1)D¯β˙σ¯(p3, θ2)Dβσ(p− p3, θ2)×
× d
dk
(2π)d
D¯1α˙D
β
2D
2
1D¯
2
2
16
δ12 ×
× D1αD¯
β˙
2 D¯
2
1D
2
2
16
δ12G2(k)G2(k + p)
Let us start to simplify the eqs (17). Using the known properties of the covariant
derivatives one can write
D¯α˙1D
β
2D
2
1D¯
2
2
16
δ12
Dα1 D¯
β˙
2 D¯
2
1D
2
2
16
δ12 =
=
D¯22D
2
1D
β
2 D¯
β˙
2
16
δ12
D¯α˙1D
α
1 D¯
2
1D
2
2
16
δ12 =
D¯21D
2
2
16
∂ββ˙2 δ12∂
αα˙
1
D21D¯
2
2
16
δ12
where kα˙β = 2σ¯
m
α˙βkm. Therefore
S1
(1) = 72µ−ǫξ1ξ2
∫
d4θ1d
4θ2
ddp1d
dp2
(2π)2d
×
× D¯α˙σ¯(−p1, θ1)Dασ(−p2, θ1)∂ββ˙(σ(p, θ2) + σ¯(p, θ2))×
×
∫
ddk
(2π)d
D2D¯2
16
δ12
D¯2D2
16
δ12 ×
× 4σmαα˙σ¯nββ˙km(k + p)nG2(k)G2(k + p) (18)
S2
(1) = 72µ−ǫξ22
∫
d4θ1d
4θ2
ddp1d
dp2d
dp3
(2π)3d
×
7
× D¯α˙σ¯(−p1, θ1)Dασ(−p2, θ1)D¯β˙σ¯(p3, θ2)Dβσ(p− p3, θ2)×
×
∫
ddk
(2π)d
D2D¯2
16
δ12
D¯2D2
16
δ124σ
m
αα˙σ¯
nββ˙km(k + p)nG2(k)G2(k + p)
Now one transfers the covariant derivatives from one delta-function to another
using integration by parts. Note the divergence can arise only when all covariant
derivatives act on one delta-function. As a result we obtain the expression
δ12
D¯2D2D¯2D2
256
δ12 = −k2δ12 D¯
2D2
16
δ12 = −k2δ12
After these transformations, the corrections to vertices V1, V2 take the form
S
(1)
1 = −288µ−ǫξ1ξ2
∫
d4θ
∫ ddp1ddp2
(2π)2d
×
× D¯α˙σ¯(−p1, θ)Dασ(−p2, θ)∂ββ˙(σ(p, θ) + σ¯(p, θ))σmαα˙σ¯nββ˙Imn
S
(1)
2 = −288µ−ǫξ22
∫
d4θ
∫ ddp1ddp2ddp3
(2π)3d
×
× D¯α˙σ¯(−p1, θ)Dασ(−p2, θ)D¯β˙σ¯(p3, θ)Dβσ(p− p3, θ)σmαα˙σ¯nββ˙Imn
where
Imn =
∫ ddk
(2π)d
k2km(k + p)nG2(k)G2(k + p) (19)
Let us investigate this integral in details. We present the Green function G2(k)
(11) in the form
G2(k) = − 1
A2
k2 − m2
A2
(k2 + a1)(k2 + a2)(k2 + a3)
where all quantities a1, a2, a3 are different and A
2 = Q
2
16π2
. The function G2(k) is
symmetric with respect to a1, a2, a3. Taking into account this property we can write
G2(k) = − 1
A2(k2 + a2)(k2 + a3)
+
1
A2
m2
A2
+ a1
(k2 + a1)(k2 + a2)(k2 + a3)
(20)
Simple power counting allows to make a conclusion that only first term of eq.(20)
gives contribution to divergent part of the integral Imn. It means that the divergent
part Imn coincides with divergent part of the following integral
I ′mn =
1
A4
∫
ddk
(2π)d
k2kmkn
(k2 + a2)(k2 + a3)((k + p)
2 + a2)((k + p)
2 + a3)
(21)
Using the analogous transformation one can rewrite this integral in the form
I ′mn =
1
A4
(
∫
ddk
(2π)d
kmkn
(k2 + a3)((k + p)
2 + a2)((k + p)
2 + a3)
+ fin) (22)
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where fin denotes finite part of the integral. Now we use the Feynman representa-
tion and transform the divergent part of the integral I ′mn to the following expression
I ′′mn =
2
A4
∫
ddk
(2π)d
kmkndxdydzδ(1− x− y − z)
(k2 + 2kp(x+ y) + a2x+ a3(y + z))
3 (23)
Taking into account the known formula
∫ ddk
(2π)d
kmkn
(k2 +M2 + 2kq)N
=
1
(4π)d/2Γ(N)
{qmqnΓ(N − d/2)
(M2 − q2)N−d/2 + (24)
+
1
2
ηmn
Γ(N − d/2− 1)
(M2 − q2)N−d/2−1
}
and that N = 3, d = 4−ǫ we obtain the divergent part of the integral I ′′mn as follows
Jmn =
1
16π2
1
A4
ηnmΓ(
ǫ
2
)
∫
dxdydzδ(1− x− y − z)
(a2x+ a3(y + z)− p2(x+ y)2)ǫ/2
(25)
To extract the pole part we use Γ( ǫ
2
) = 2
ǫ
+fin, where fin is finite part at ǫ→ 0.
As a result one obtains
Jmndiv =
2
16π2ǫA4
ηnm (26)
The eq. (26) allows to write one-loop quantum corrections (17) in the form
S
(1)
1 = −576µ−ǫ
ξ1ξ2
A4
∫
d4θd4x×
× D¯α˙σ¯(x, θ)Dασ(x, θ)∂αα˙(σ(x, θ) + σ¯(x, θ))( 2
16π2ǫ
+ fin) ≡ (27)
≡ S(1)1div + S(1)1fin
S
(1)
2 = −576µ−ǫ
ξ22
A4
∫
d4θd4x×
× D¯α˙σ¯(x, θ)Dασ(x, θ)D¯α˙σ¯(x, θ)Dασ(x, θ)( 2
16π2ǫ
+ fin) ≡
≡ S(1)2div + S(1)2fin
In order to renormalize the theory we introduce the one-loop counterterms
−S(1)1 div, −S(1)2 div. It corresponds to the following renormalization transformation
Q2(0) = µ
−ǫZQQ
2
ξ1(0) = µ
−ǫZ1ξ1 (28)
ξ2(0) = µ
−ǫZ2ξ2
where Q2(0), ξ1(0), ξ2(0) are the bare parameters and Q
2, ξ1, ξ2- are the renormalized
ones. As a result one obtains
9
Z1 = Z2 = (1 +
72ξ2
π2A4ǫ
) (29)
We see that in one-loop approximation there is the same independent renormal-
ization constant both for ξ1 and ξ2. It means in particular, if we put ξ
(0)
2 = cξ
(0)
1
where c is a constant, then the renormalized parameters ξ1 and ξ2 will satisfy the
same relation ξ2 = cξ1. One-loop renormalization does not destroy the relationship
between the parameters.
Next step is a calculation of ZQ. Let us consider the supergraph given on Fig.3
✫✪
✬✩
∂αα˙
∂ββ˙
Dα
D¯α˙Dβ
D¯β˙
G+−
G−+
Fig.3
The corresponding contribution looks like this
S
(1)
Q = −18µ−ǫξ21
∫
d4θ1d
4θ2
∫
ddp
(2π)d
∂ββ˙ σ¯(−p, θ1)∂αα˙σ(p, θ2)× (30)
×
∫
ddk
(2π)d
D¯β˙DαD¯2D2
16
δ12
DβD¯α˙D2D¯2
16
δ12G2(k)G2(k + p)
Carrying out the transformations analogous to used above we obtain
S
(1)
Q = −µ−ǫ
∫
d4θddx∂αα˙σ∂
αα˙σ¯(
18ξ21(4π)
4
Q4ǫ
+ fin) ≡ S(1)Qdiv + S
(1)
Qfin
(31)
After introducing the one-loop counterterm −S(1)Q div one will obtain using (28)
ZQ = (1 +
32π2
Q2
18ξ21(4π)
4
Q4ǫ
) (32)
So we have studied renormalization of ξ1, ξ2 and Q
2. As for Λ, it was already
noted that all diagrams containing vertex of type V4 are finite, it means that the
coupling Λ is not renormalized.
Now it remains to investigate renormalization of m2. It follows from (14), that
divergent diagrams can contain no more than one vertex type of V3 corresponding
to coupling constant m2. All other possible vertices should be of types of V1 or V2.
We will study the divergent corrections to m2 in the case when ξ1= ξ2 = 0.It
means that the vertices V1 and V2 are absent at all. It will be proved further that this
case corresponds to infrared limit of the theory. It means that only V3-type vertex
can be presented in the diagrams giving contribution to divergent correction to m2.
All these diagrams contain only one vertex V3-type, one internal line G+−-type and
the arbitrary number of external lines corresponding to σ, σ¯
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 
 
❅
❅
... G+−
Fig.4
Let us consider such a diagram with given number N of external lines, l from
those are chiral and other are antichiral. Contribution of this diagram has the form
− m
2
2
∫
d8z
σl(z)σ¯N−l(z)
l!(N − l)! G+−(z, z) (33)
Sum of all these contributions is equal to
S3 = −m
2
2
∫
d8z
∞∑
N=0
N∑
l=0
σl(z)σ¯N−l(z)
l!(N − l)! G+−(z, z) =
m2
2
∫
d8zeσ+σ¯G+−(z, z) (34)
In momentum representation the S3 can be written as follows
S3 = −m
2
2
∫
d4θddxeσ+σ¯
∫
ddk
(2π)d
−A2k2 +m2
k2(−A2k2 +m2)2 − 81ΛΛ¯
D¯21D
2
1
16
δ11 (35)
Taking into account
D¯2
1
D2
1
16
δ11 =
D¯2
1
D2
1
16
δ12|θ1=θ2 = 1 we get
S3 = −m
2
2
∫
d4θddxeσ+σ¯
∫
ddk
(2π)d
−A2k2 +m2
k2(−A2k2 +m2)2 − 81ΛΛ¯ (36)
Let us consider the integral∫
ddk
(2π)d
−A2k2 +m2
k2(−A2k2 +m2)2 − 81ΛΛ¯
A divergent part of this integral coincides with the divergent part of the following
integral
− 1
A2
∫
ddk
(2π)d
1
(k2 + a)(k2 + b)
where a and b are the roots of denominator of initial integral. The last integral is
equal to − 1
8π2ǫA2
. As a result one obtains
S3 =
m2
2
∫
ddxd4θeσ+σ¯(
2
16π2A2ǫ
+ fin)
To cancel the divergence we should introduce a counterterm −S3div. It corre-
sponds to mass renormalization
m20 = µ
−ǫZmm
2
Zm2 = 1 +
2
16π2A2ǫ
= 1 +
2
Q2ǫ
(37)
Here m20 is a bare mass and m
2 is a renormalized one. The eqs (28,29,32,37) define
the one-loop renormalization of the theory under consideration.
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5 Running couplings and infrared freedom
In this section we will analyse renormalization group equations and investigate
asymptotical behaviour of running couplings.
Let us start with eqs (28,29,32). These equations lead to the following beta-
functions
βξ1 =
72(16π)2
Q4
ξ1ξ2
βξ2 =
72(16π)2
Q4
ξ22
βQ2 = 32π
218(16π)
2ξ21
Q4
As a result the equations for running couplings have the form
dξ1
dt
= a
ξ1ξ2
Q4
dξ2
dt
= a
ξ22
Q4
(38)
dQ2
dt
= b
ξ21
Q4
where a = 21132π2, b = 32214π4. The solutions of these equations look like this
ξ1(t) =
ξ1
ξ2
ξ2(t)
Q2(t) = Q2 + 8π2
ξ21
ξ22
(ξ2(t)− ξ2)
t =
1
21132π2
{
− [Q2 − 8π2 ξ
2
1
ξ22
](
1
ξ2(t)
− 1
ξ2
)−
− 16π2(ξ1
ξ2
)
2
[Q2 − 8π2 ξ
2
1
ξ22
] ln
ξ2(t)
ξ2
+ (39)
+ 64π4(
ξ1
ξ2
)
4
(ξ2(t)− ξ2)
}
Let us investigate a behaviour of running couplings ξ1(t), ξ2(t) and Q
2(t) in
infrared domain when t → −∞. It is easy to see that in this case ξ2(t) → 0 and
hence ξ1(t) → 0. It means that ξ(0)1 = ξ(0)2 = 0 is an infrared fixed point. For Q2(t)
we obtain Q2(t)→ Q2−8π2 ξ21
ξ2
. If we take quantities of initial ξ1 and ξ2 so that they
correspond to infrared fixed point ξ1 = ξ2 = 0 one gets Q
2(t) → Q2. In particular,
only the diagrams given on Fig.4 can contribute to mass renormalization in infrared
limit.
To investigate a behaviour of running mass we should use a notion of scaling
dimension of superfields. We note that the action of the theory (6) is invariant
under the transformations
12
δσ = (xa∂a +
1
2
θαDα)σ + 1 (40)
δσ¯ = (xa∂a +
1
2
θ¯α˙D¯
α˙)σ¯ + 1
Let V is some function depending on superfields σ, σ¯ and their derivatives ∂aσ, ∂aσ¯,
Dασ, D¯α˙σ¯,. . . . We call the V has the scaling dimension ∆ if the transformation law
of V under transformations (40) looks like this
δV [σ, σ¯] = (xa∂a +
1
2
θαDα +
1
2
θ¯α˙D¯
α˙ +∆)V (41)
It is easy to see that the superfields σ, σ¯ have no definite scaling dimension,
the derivatives ∂aσ, ∂aσ¯ have scaling dimension equal to 1, the spinor derivatives
Dασ,D¯α˙σ¯ have no definite scaling dimensions. However, the functions e
σ, eσ¯ have
definite scaling dimensions ∆=1.
Let us fulfil the transformations σ → ασ, σ¯ → ασ¯ and S → 1
α2
S in the action
(6) at ξ1 = ξ2 = 0. It leads to the following action depending on arbitrary real
parameter α
S =
∫
d8z(−1
2
Q2
16π2
σ¯✷σ − m
2
2α2
eα(σ+σ¯)) + (42)
+(
Λ
α2
∫
d6ze3ασ + h.c.)
We consider a calculation of renormalization constant Zm in the theory (42). The
only modification in comparison with eq. (37) is that we should use the propagator
α2G+− in supergraph given by Fig.4. The parameter α is resulted here because of
expansion of eα(σ+σ¯). It leads immediately to
Zm2 = 1 +
2α2
Q2ǫ
Therefore the equation for running mass will be
dm2(t)
dt
=
2α2m2(t)
Q2
+ dm2m
2(t) (43)
where ∆m2 is a scaling dimension of m
2(t).
To find ∆m2 we consider the term
m2
2α2
eα(σ+σ¯) in the action (42). The scaling
dimension of this term is -2, α is dimensionless and scaling dimension of eα(σ+σ¯) is
2α. Hence ∆m2 = 2− 2α. Therefore the equation (43) looks like this
dm2(t)
dt
= (2− 2α + 2α
2
Q2
)m2(t) (44)
m2(0) = m2
where we took into account that Q2(t) = Q2 in infrared limit. A solution of this
equation can be written in the form
m2(t) = m2 exp((2− 2α + 2α
2
Q2
)t) (45)
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It is evident that at 2 − 2α + 2α2
Q2
> 0 we get m2(t) → 0 in infrared limit. It
corresponds to κ2(t)→∞ where κ2(t) is running gravitational constant.
As for coupling constant Λ, its beta-function is equal to zero since the vertex of
V4-type is always finite (see section 3) and the fields σ, σ¯ are not renormalized. It
means, in particular, that we can put Λ = Λ¯ = 0 in the action (6) or (42) without
breakdown of renormalizability of the theory.
6 Summary
We have formulated a new model of chiral N = 1 superfield in D = 4 flat su-
perspace. This model is generated by superconformal anomaly of matter superfields
and can be considered as a simplified model of quantum supergravity in low-energy
domain. The features of the model are its complete superfield formulation, non-
trivial interactions of chiral and antichiral superfields, presence of five couplings,
the three of them are dimensionless, and higher (four) derivatives in a kinetic term.
The model is a natural supersymmetric generalization of the model of low-energy
quantum gravity given by Antoniadis and Mottola [18].
The analysis of superficial degree of divergence shows that the model under
consideration leads to decrease of number of divergent structures in comparison
with non-supersymmetric model [18]. We have calculated one-loop counterterms
and investigated equations for effective couplings. It is shown that this model is
infrared free and moreover it is superrenormalizable in infrared limit.
An interesting feature of the model is non-renormalization theorem according
to which the vertex Λ
∫
d6ze3σ has no divergent corrections. Since the superfield
σ is not renormalized in the model we get that the parameter Λ (cosmological
constant) is always finite. The analogous vertex including cosmological constant
in corresponding non-supersymmetric model [18] gets divergent corrections. As a
result, unlike of non-supersymmetric case, the beta-function for Λ is equal to zero
in our model. It means the mechanism leading to vanishing of effective cosmological
constant given in Ref.[18] will work only if a supersymmetry is violated.
The suggested model unlike of full superfield supergravity has simple enough su-
perfield structure and can be applied for consideration of various aspects of quantum
supergravity in infrared domain.
We should like to pay attention that our model has been formulated within
N = 1, D = 4 superfield supergravity. It is well known that there are other so-
called non-minimal or new minimal versions of the supergravity (see f.e. [7]). It
would be interesting to develop an approach analogous to one under consideration
for those versions.
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Appendix
We consider here the component form of the action (6). Let us write the com-
ponent decomposition of chiral scalar superfield σ
σ(x, θ, θ¯) = (1+θασmαα˙θ¯
α˙∂m+
1
4
θ2θ¯2✷)A(x)+
√
2θψ(x)− i√
2
θ2∂αα˙ψ
α(x)θ¯α˙+θ2F (x)
(I)
The antichiral field σ¯ can be obtained by conjugation.
Supersymmetric covariant derivatives have the standard form
Dα =
∂
∂θα
+ iσmαα˙∂mθ¯
α˙ (II)
D¯α˙ = −( ∂
∂θ¯α˙
+ iθασmαα˙∂m)
Taking in the account the standard properties of Berezin integral we can write
S =
∫
d4x((−1
2
Q2
(4π)2
σ✷σ¯ +
m2
2
eσ+σ¯ + ξ1D¯
α˙σ¯Dασ∂αα˙(σ + σ¯) + (III)
+ ξ2D¯
α˙σ¯DασD¯α˙σ¯Dασ)|θ2θ¯2 + (Λe3σ|θ2 + h.c.))
Here |θ2θ¯2, |θ2, |θ¯2 denotes the corresponding components of the superfield.
Introducing the Dirac spinors
Ψ =
(
ψα
ψ¯α˙
)
(IV)
we write the kinetic term Q
2
2(4π)2
σ✷σ¯ as follows
Q2
2(4π)2
(A✷2A¯+ F✷F¯ + iΨ¯✷γµ∂µΨ) (V)
We see the component field F playing a role of auxiliary field in standard Wess-
Zumino model becomes to be dynamical.
For the exponential terms one obtains
Λe3σ|θ2 + h.c. = 3Λe3A(F − 3Ψ¯P+Ψ) + h.c.
m2
2
eσ+σ¯|θ2θ¯2 =
m2
2
eA+A¯(2∂m(A + A¯)∂
m(A+ A¯) + FF¯ +
1
4
✷(A + A¯)−
− F Ψ¯P−Ψ− F¯ Ψ¯P+Ψ− iΨ¯γm∂mΨ+ Ψ¯2Ψ2 + (VI)
+ 4iΨ¯γmΨ(∂mA + ∂mA¯)
For the V1,2-vertices one obtains
ξ1D¯
α˙σ¯Dασ∂αα˙(σ + σ¯)|θ2θ¯2 = ξ1(4i✷AΨ¯γm∂mP+Ψ− 4i✷A¯Ψ¯γm∂mP−Ψ+
+ ∂mA∂
mA✷A¯ + ∂mA¯∂
mA¯✷A+
+ ∂mA∂mA¯✷(A + A¯) + (VII)
+ 4i∂mΨ¯γ
n∂n∂
mA¯P+Ψ− 4i∂mΨ¯γn∂n∂mAP−Ψ+
16
+ 8i∂mA∂
mΨ¯γnP+∂nΨ+ 8i∂mA¯∂
mΨ¯γnP−∂nΨ+
+ 4F∂mA∂
mF¯ + 4F¯ ∂mA¯∂
mF + 4FF¯✷(A + A¯) +
+ 8Ψ¯∂mF¯P+∂mΨ+ 8Ψ¯∂mFP−∂
mΨ+
+ 4∂mΨ¯P+∂
mΨF¯ + 4∂mΨ¯∂
mP−ΨF +
+ 8(F¯✷Ψ¯P+Ψ+ F✷Ψ¯P−Ψ))
ξ2D¯α˙σ¯D¯
α˙σ¯DασDασ|θ2θ¯2 = ξ2(16(∂mA)2(∂nA¯)2 + 16(∂mA)(∂mA¯)FF¯ +
+ 56(Ψ¯γmΨ)
2
+ 72i(Ψ¯γm∂mΨ)FF¯ + (VIII)
+ 20i(Ψ¯γmP+Ψα∂mA¯✷A− Ψ¯γmP−Ψ∂nA✷A¯) +
+ 72i(Ψ¯γnP+Ψ∂nF¯F − Ψ¯γnP−Ψ∂nFF¯ ))
As a result we have the total action in the form
S =
∫
d4x{1
2
Q2
16π2
(A✷2A¯+ F✷F¯ + iΨ¯γm∂m✷Ψ) +
+ 3Λe3A(F − Ψ¯P+Ψ) + 3Λ¯e3A¯(F¯ − Ψ¯P−Ψ) +
+
m2
2
eA+A¯(2∂m(A+ A¯)∂
m(A+ A¯) + FF¯ +
1
4
✷(A + A¯)−
− F Ψ¯P−Ψ− F¯ Ψ¯P+Ψ− iΨ¯γm∂mΨ+ Ψ¯2Ψ2 +
+ 4iΨ¯γmΨ(∂mA+ ∂mA¯)
+ g1(
1
2
i✷AΨ¯γm∂mP+Ψ− 1
2
i✷A¯Ψ¯γm∂mP−Ψ+
+
1
8
(∂mA∂
mA✷A¯ + ∂mA¯∂
mA¯✷A + ∂mA∂mA¯✷(A+ A¯)) + (IX)
+
1
2
i∂mΨ¯γ
n∂n∂
mA¯P+Ψ− 1
2
i∂mΨ¯γ
n∂n∂
mAP−Ψ+
+ i∂mA∂
mΨ¯γnP+∂nΨ+ i∂mA¯∂
mΨ¯γnP−∂nΨ+
+
1
2
F∂mA∂
mF¯ +
1
2
F¯ ∂mA¯∂
mF +
1
2
FF¯✷(A + A¯) + Ψ∂mF¯P+∂mΨ+
+ Ψ¯∂mFP−∂
mΨ+
1
2
∂mΨ¯P+∂
mΨF¯ +
1
2
∂mΨ¯∂
mP−ΨF +
+ (F¯✷Ψ¯P+Ψ+ F✷Ψ¯P−Ψ))
+ g2[(∂mA)
2(∂nA¯)
2
+ (∂mA)(∂
mA¯)FF¯
+
7
2
(Ψ¯γmΨ)
2
+
9
2
i(Ψ¯γm∂mΨ)FF¯ +
5
4
i(Ψ¯γmP+Ψ∂mA¯✷A− Ψ¯γmP−Ψ∂nA✷A¯)
+
9
2
i(Ψ¯γnP+Ψ∂nF¯F − Ψ¯γnP−Ψ∂nFF¯ )]}
where we have denoted
g1 = 8ξ1
g2 = 16ξ2
Here
P+ =
1
2
(1 + γ5)
17
P− =
1
2
(1− γ5)
are the chiral projectors.
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